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Small angle neutron scattering has been used to study the radius of gyration and thermodynamics of 
dilute blends of deuterated polystyrene (PSD) in a strongly interacting matrix of 
poly(vinylmethylether) (PVME) and in a weakly interacting matrix of protonated polystyrene 
(PSH). The PSD chain is found to be slightly expanded in the PVME matrix over the PSH matrix 
with the radius of gyration for PSD being 123 A in PVME vs 115 A in PSH. The Flory interaction 
parameter, x/u,,, for the PSD/PVME blend is found to be in approximate agreement with an 
extrapolation of data from studies of x/u0 for PSD/PVME at high concentration to the dilute 
concentrations studied in this work. The concentration dependence of x/u,-, is close to linear and 
shows no strong change in slope down to $=0.02, the lowest concentration studied in this work. 
Analysis of the temperature dependence of x/u0 and the second virial coefficient, A, indicates that 
phase separation should occur for PSD/PVME in the range of 200 “C for a sample with &so~5%. 

INTRODUCTION 

Small angle neutron scattering (SANS) has proven to be 
one of the most powerful techniques for studying the inter- 
actions and conformation of polymer chains both in solutions 
and the bulk in recent years.‘-‘6 Early work concentrated on 
adapting the analysis developed historically for light scatter- 
ing to SANS. These studies typically involved measuring the 
scattering from dilute labeled (deuterated) chains in a matrix 
of unlabeled (protonated) chains or solvent. The goal was to 
measure the radius of gyration, molecular weight and the 
Flory interaction parameter, x, (or the second virial coeffi- 
cient, A,).‘-16 ‘Qpically the data analysis was done using the 
classical cross plot technique developed by Zimm.17 More 
recently, techniques based on the random phase approxima- 
tion (RPA) by de Gennes have allowed analysis of bulk poly- 
mer systems with high concentrations of labeled 
&tins 8,9-11.14-16.18 

In this work we will discuss data from a dilute blend of 
deuterated polystyrene (PSD) in a poly(vinylmethylether) 
(PVME) matrix where there are strong interactions between 
the components. PSD/PVME is a lower critical solution tem- 
perature blend where phase separation occurs on heating. 
The data obtained in the dilute concentration regime will be 
compared to that obtained at high concentration by other 
workers. 

THEORY 

The classical Zimm equation gives the scattering from a 
dilute mixture of a polymer in a solvent to be8*‘27’7~21 

‘)To whom correspondence should be addressed. 

kn+a 1 
IO = Wa)nuo(~a(d)w + 2A2+a ) (1) 

where Z(q) is the measured scattered intensity, (P,(q)), is 
the weight average single particle form factor for species a, 
4, is the volume fraction of the dilute polymer, (Na),, is the 
number average degree of polymerization of polymer a, u, is 
the specific volume of polymer a, A2 is the second virial 
coefficient, and k, is the contrast factor for neutrons. k, is 
equal to 

(2) 

where XA is Avogadro’s number and b, is the neutron scat- 
tering length for species i in the mixture. The second virial 
coefficient is given by 

1 X -- 
2(Nb>,ub(pb(d)w UO I 

9 (3) 

where x is the Flory interaction parameter between compo- 
nents a and b and u. is the reference volume of the lattice 
(usually u o = a). In general the Zimm equation has been 
used for polymer-solvent systems where P(q) for the sol- 
vent has negligible q dependence in the q range of interest 
for polymers and hence Pb(q) is ignored. 

For polymer chains with a Zimm-Shultz molecular 
weight distribution20721 (P(q)), is given by22 

(PW)w=~ wn- 1+ 1 kdhl~ 
where 

(44 
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(x),= (N),l*q*/6 = (R;),q*. (4c) 

(N),,, and (N)” are the weight and number average degrees 
of polymerization, 1 is the statistical segment length, and q is 
the scattering vector [q= (4-d) sin (6/2), where X is the neu- 
tron wavelength and 8 is the scattering angle], (Rz), , is the 
number average square of the radius of gyration. At small q, 
(P(q)), can be expanded to give 

where 

(N), h+2 - =- 
@‘>n h 

W 

and (N), is the z average degree of polymerization. In the 
limit of a monodisperse molecular weight distribution 
((N), = (N),, = N) Eq. (4a) becomes the Debye function23 

P(q) =$ [exp( --xl - 1 +x1, 

where x= (NZ2/6)q2. By combining Eqs. (5a) and (1) and 
taking the limit q-+0 Eq. (7) is obtained, 

knrba 1 
I(o) =(Nn)wun +2A24a- 

(5a) 

This allows the determination of the weight average molecu- 
lar weight and the second virial coefficient from a plot of 
(P,ll(q=O) vs 4, which is part of the classical Zimm analy- 
sis. The second part of the standard Zimm analysis is per- 
formed by taking the limit 4-0 for Eq. (1) which after 
rearrangement gives 

lim I(q) 1 I - =kn(N,)nua(Pa(q))w~ &-eO (Pll 
This also allows determination of the weight average mo- 
lecular weight at q=O and the size of the molecule from the 
slope of a plot of lim [+,/Z(q)] vs q* [Eq. (5a)] or by fitting 

40-0 
the entire functional form for P(q) to the data. 

de Gennes has developed an expression for the total co- 
herent scattering from a binary (miscible) mixture of poly- 
mers using the random phase approximation.15,18 The total 
scattering is given by 

kn 1 1 

I(q) =(NahmA#‘u(q))w +(Nb)nUb+b(Pb(‘d)w 

(8) 

(9) 

Equation (9) can also be recast in the form used by Zimm 

TABLE I. (a) Sample characteristics. (b) Sample compositions (volume 
fraction). 

(4 
N-IN. NW N” 

PSD 1.02 1805 1770 
PVME 1.66 6853 4128 
PSH 1.04 1824 1754 

(b) 
PSH matrix PVME matrix 

&SD &SD 
0.018 19 0.019 35 
0.038 31 0.037 8 1 
0.054 35 0.055 64 

kn+a 1 
-= 
z(q) (Na)nua(Pa(q))w 

1 -- 
2d’b(Nb)nUb(Pb(d)w u”, ’ I 

(10) 

When component a is dilute (+b-’ 1) Fq. (10) is identical to 
Eq. (1). In this work Eq. (l)-( 10) will be used to analyze 
SANS data from strongly interacting blends of PSD and 
PVME polymers to extract the interaction parameter, mo- 
lecular weight, and radius of gyration (or equivalently, the 
statistical segment length) as a function of composition and 
temperature in the dilute PSD regime. The two approaches of 
using the full RPA theory vs Zimm analysis are equivalent in 
the limit of dilute labeled polymer and we will use aspects of 
both types of analysis to examine the data. 

Briber, Bauer, and Hammouda: Neutron scattering from polymer blends 2593 

EXPERIMENT 

The poly(vinylmethylether) was cationically polymer- 
ized in toluene using boron trifluoride-ethyl ether complex as 
the catalyst. The PVME was then fractionated using toluene 
as the solvent and hexane as the nonsolvent. The details of 
the synthesis and fractionation procedure have been de- 
scribed elsewhere.24 The molecular weight of the PVME was 
determined using gel permeation chromatography (GPC) 
with Mark-Houwink-Sakurada parameters for PVME from 
the literature.24 The polystyrene and deuterated polystyrene 
were purchased from Polymer Labs, Inc. and the molecular 
weights were determined by the manufacturer using GPC.25 
The samples for neutron scattering were prepared by dissolv- 
ing the PSD and PVME in toluene and then allowing the 
solution to evaporate in a Teflon petridish and form a thin 
film. This film was then dried in vacuum to remove the re- 
maining toluene. Sample compositions and characteristics 
are given in Table I. The film was pressed into a SANS 
sample holder using a hydraulic press at 120 “C. The scatter- 
ing experiment was carried out as a function of temperature 
at the NIST Cold Neutron Research Facility using the 30 m 
NIST-NG7 SANS spectrometer.25,26 The data were corrected 
for scattering from the empty cell, matrix background scat- 
tering, detector dark current and sensitivity, sample transmis- 
sion and thickness, placed on an absolute scale using a cali- 
brated secondary standard and circularly averaged to produce 
the Z(q) vs q plots. The matrix background scattering correc- 
tion involves subtracting the scattering from the pure PSH or 
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FIG. 1. SANS curves as a function of temperature for &,=0.056 PSD/ FIG. 2. lim [&&r(q)] vs q SANS scattering curves for all samples. 
PVME blend. 4PSO’0 

PVME scattering (weighted by the composition of PSH or 
PVME) from each sample. The scattering from the hydroge- 
nated matrix is largely incoherent and is equivalent to the 
subtraction of the pure solvent scattering in traditional Iight 
scattering. 

RESULTS AND DISCUSSION 

Figure 1 shows typical SANS data for the highest con- 
centration PSD/PVME sample (&sn=O.O56) as a function 
of temperature. The data show an increase in the scattering 
as a function of temperature as expected because of an in- 
crease in growth of the critical fluctuations as the phase 
boundary is approached. Rather than plot the data in a typical 
Zimm plot, the data at each temperature was extrapolated to 
the limit of zero concentration at every value of q using the 
equation 

4PSD 
- =B+A+PsD, 
I(q) 

where the intercept, B = lim [&,,/Z(q)] is the limiting 
‘+PSD-‘O 

zero concentration scattering. 
This is identical to one of the steps in the classical Zimm 

analysis except with the use of a computer it is easy to ex- 
tend the extrapolation to encompass the entire q range cov- 
ered by the experiment rather than just the small q region. 
By calculating lim [ $psn/J( q)] over the entire q range, 

+PSD+o 
Eq. (4a) for P(q) [’ m combination with Eq. (8)] can then be 
fit to the data using a nonlinear least squares algorithm to 
obtain Z(q=O) and R, [from P(q)] rather than resorting to 

linearizing P(q) by expansion. This type of analysis provides 
the benefit of utilizing the data obtained at all q vectors 
studied in the experiment without the small q limit imposed 
by expanding P(q) at qRg< 1. 

Figure 2 shows all the zero concentration extrapolated 
scattering curves as a function of temperature for all the 
PSD/PVME and PSD/PSH samples. The data have been nor- 
malized by the contrast factor k, so all the curves collapse 
together. The curves are all overlapping but small systematic 
changes in the statistical step length obtained by fitting the 
data to Eq. (8) are found and will be discussed later. The 
solid line is a typical fit of Eq. (8) to the data (for the highest 
temperature PSD/PVME sample, T= 160 “C. To fit the data 
Eq. (4a) was used for P(q) with Ipso and Npsn as the floating 
parameters [note that in the limit of zero PSD concentration 
the step length and molecular weight of the matrix PVME 
(Z,v,n and NpW,) are not important]. An average value of 
N psn=1720 was obtained from all the data which is in good 
agreement with the molecular weight obtained from the 
manufacturer (Nrsn= 1760). The values for R, (calculated 
from R, = NtJ211&) and lpsn obtained from the fits are 
given in Table II. The average value of R, is 115 8, for the 
PSH matrix which corresponds to lpsn of 6.8 A, in agree- 
ment with previous work.15 The average value of R, in the 
PVME matrix is 123 A (lpsn=7.3 A), somewhat larger than 
in the PSH matrix. The data analysis was also performed 
with the molecular weight of the PSD held fixed. This gave 
qualitatively identical results only with somewhat more scat- 
ter in the R, values. 

Figure 3 is a plot of R, PSD as a function of temperature 
lim ++O 

for both the PSD/PVME and PSDRSH systems. The straight 
lines through the data are linear least squares fits. Although a 
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TABLE II. Step length and degree of polymerization of the PSD chain in 
PVME and PSH matrices from zero concentration extrapolated scattering 
data. 

PVME PSH 
matrix matrix 

Temperature R,,D (4 IPSD 6) N&D RSpSD (4 lPSD (A) NiPSD 

80 “C 124.4 1.35 1900 . . . . . . . . . 
100°C 125.6 7.42 ,730 . . . ,.. . . . 
120 “C 124.1 1.33 1790 113.3 6.69 1581 
140-Z 122.4 1.23 1825 115.6 6.83 1667 
160°C 118.2 6.98 1819 116.1 6.86 1627 

‘Average of all samples N,= 1720. 

definite trend seems to be present with the PSD/PSH having 
a positive slope and the PSD/PVME having a negative slope, 
a critical review of the data indicates that all the observed 
variation is approximately within the error bars from the fit 
of Eq. (4a) to the data. It is interesting to note that the two 
lines fit to the data intersect at a temperature of about 
T= 182 ‘C, which is in the range of the extrapolated spin- 
odal temperature for the highest concentration sample, pos- 
sibly implying that after phase separation of the PSD from 
the PSDRVME blend the R, is equivalent to that measured 
in the PSDRSH blend. Other workers have studied the tem- 
perature dependence of the chain end-to-end distance, 
(r”):“, for PS and have generally found a negative value of 
d In(r2)oldT from intrinsic viscosity measurements in theta 
solvents and positive values from force-temperature 
measurements.27-3’ Another recently reported neutron study 
concluded that no discernible temperature dependence for 
the size of the chain could be measured.32.45 It is interesting 
that the numbers for d ln(r2)0/dT for PS are not in agree- 
ment from the different measurements and even vary in sign. 
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FIG. 3. R, PSD vs temperature for the PSD/PSH and PSD/PVME blends. 
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If one takes the trends observed in the SANS data presented 
in this work as being valid then the decrease in RgpSD with 
increasing temperature is consistent with the PVME becom- 
ing a poorer solvent for PSD as the temperature increases. If 
the temperature coefficients of PSD in the different matrices 
are calculated from the data the values obtained are 
d ln(r2)oldT for PSD in PVlvIE=-6f5X10-4 K-’ and 
+63~4XlO-~ K-’ for PSD in PSH. These numbers are in 
general about an order of magnitude smaller than obtained 
from force-temperature or intrinsic viscosity measurements 
and it would be difficult to argue decisively that they are 
significantly different than zero. Although no large changes 
in R gpso as a function of temperature are seen a small aver- 
age expansion of PSD in PVME is observed with the average 
value of RgPSD being about 7% larger in a PVME matrix than 
in PSH. A much larger change in R, for a Monte Carlo 
simulation of dilute polymer blends has been reported by 
Sariban and Binder where the dilute chain is observed to 
collapse on the order of 50% for the longest chains as the 
phase separation transition is approached.33 Classical Plory 
theory for chain expansion for a polymer coil in a good sol- 
vent should predict that a small expansion of the coil in 
PSD/PVME at low temperatures since x/u0 is negative 
which gives rise to a favorable free energy of mixing (PVME 
is a good polymeric solvent at low temperatures).34 This ef- 
fect should be small (although no attempt has been made to 
calculate it) since the entropy of mixing is very small due to 
the high molecular weight of the PVME. A recent calculation 
predicts a swelling effect in blends when the components 
have differing monomer sizes and may explain the effects 
measured in this work.3s 

An alternative method to fit the data were to use Eq. (9) 
at all concentrations and temperatures with I and x/u0 as the 
fitting parameters (Upsn=99.5, upsn=l00.4, upWn=55.5, 
uo=99.8 for PSD/PSH, uo=74.7 cm3/mol for PSD/ 
PVME). Because of the values of I, and lb are strongly 
coupled in Eq. (9) the values of Rgps~ for PSD and PVME 
matrices cannot be varied independently. Instead an average 
value of the statistical segment length, l~vJuo, is used 
where”Y’5 

+ tNb)z ‘f -- 1 (N,)w u&a (N&v Ub4b * 
(12) 

Only the PSDLPVME data are shown because this system is 
known to show a strong temperature dependence of xluo. 
The PSDiPSH system is thought to have a small positive 
value of x/u0 (Ref. 7) but for the molecular weights used in 
this experiment measurement of x/u0 is difficult and cannot 
discern between the reported value and zero. It is important 
to point out that the value of x/u0 for PSD/PVME obtained 
from the fit of Eq. (9) to the data are not necessarily the same 
x/u0 as is normally used in the classical Flory-Huggins free 
energy of mixing because of the possible composition depen- 
dence of xluo. This composition dependence means that 
there are derivatives of x/u0 with respect to 4 [i.e., 
( d;yluol&$) and ( d2,yluol~~2)] present in the value of x/u0 
obtained from Eq. (9). Consequently x/u0 is sometimes re- 
ferred to as the “effective” interaction parameter ,Y&u~ or 
the “scattering” interaction parameter. If the functional form 
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of x/v, is known it is possible to integrate xlva vs 4 twice 
to obtain the value of x/v0 used in the Flory-Huggins free 
energy. ” The overlap concentration, +*, can be estimated by 
calculating the monomer concentration in a polymer coil us- 
ing the measured R, as the radius of the region of space in 
which monomers are distributed. For the PSD in the PVME 
matrix, +* is about 0.035 (volume fraction) which is about 
in the middle of the concentrations studied in this work. 
There were no large changes observed in RgPSD when the 
concentration went below +* from the fit of E$. (9) to the 
data and no large swelling effects (as found in low molecular 
weight solvents) are observed at low temperatures where the 
PVME matrix corresponds to a “good” polymeric solvent 
(positive AZ). 

Figure 4 is a plot of x/v,, for PSD/PVME as a function 
of concentration for different temperatures. The lines in the 
figure are calculated from a four parameter model for the 
composition and temperature dependence of x/v0 at 80 and 
160 “C for the PSD/PVME blend from Ref. 11, The data in 
this study fall within the bounds calculated from Ref. 11 and 
the agreement is remarkably good considering the fits ob- 
tained in Ref. 11 were for the concentration range 

&.,,,=O.lO-0.80 averaged over different molecular 
weight(s) and should not be expected to exactly match the 
samples and concentrations examined in this work. In the 
composition range studied in this work there is essentially no 
composition dependence of xlva. This is in contrast to the 
high concentration range where a significant composition de- 
pendence is observed.” Recent work by Dudowicz and 
Freed36-38 used a generalized lattice model which includes 
monomer structure and compressibility to calculate thermo- 
dynamic parameters for polymer blends, including xeff. The 
effects of monomer structure and compressibility can result 
in a complex composition dependency of xeff and explain the 
almost linear dependence of xeff on 4 for PSIPVME as being 
due mostly to the difference in monomer structure between 
PS and PVME.36 This work, when extended to lower con- 
centrations, predicts little concentration dependence in x/v,, 
at dilute concentration as observed in this paper and agrees 
reasonably well on the magnitude of x/v0 observed in this 
work.38 In some of the recent theoretical work the effect of 
compressibility has be added by using a three component 
model with a small component of voids.39-41 The effective 
interaction parameter measured using a two component 
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model, such as done in this work, then has contri- 
butions from three interaction parameters 
( XpolymerA -holes ? XpolymerB-holes r XpOlymerA -pOlymerB). whi1e the 
polymer-polymer interaction parameter ~~~~~~~~~~~~~~~~~~~~ 
may be independent of composition, the effective two com- 
ponent interaction parameter obtained by fitting a two com- 
ponent model to the data exhibit a dependence on composi- 
tion. In general, this dependence is approximately parabolic, 
an effect which is not observed in this work. 

Figure 5 shows the temperature dependence of x/v0 for 
the highest concentration sample PSD/PVME (&so=0.056). 
The scattered intensity at q equals zero diverges at the spin- 
odal line (theoretically the scattered intensity equals infinity) 
and xs/vO can be calculated from Eq. (9) by taking 
lim [ k,ll( q)] which gives 
q-0 

1 1 

(N,),v,A +(NbwP~ ’ 1 (13) 

The xs/vo for the highest concentration sample is plotted as 
a horizontal line in Fig. 5. This shows that even at 160 “C the 
samples were still in the single phase region. The straight 
line through the x/v0 data in Fig. 5 is linear least squares fit 
to the data with the form 

XS -=A+;, 
vo 04) 

where A and B are constants. By extrapolating Eq. (15) to the 
point where x/v0 = xs/vo the spinodal temperature, T, , can 
be obtained. For the highest concentration PSD sample the 
spinodal temperature obtained was T, = 197 “C. The values 
for A, B, and T, are given in Table III. This value T, of is 
significantly higher than observed in other studies of the PS/ 
PVME system because of the dilute PSD concentration. The 
critical point for the blend in this work should be in the 
temperature range of 155 “C (2 10’) and a composition of 
about &v,,=O.15-0.25 based on the fact that the x/v0 val- 

TABLE III. Extrapolated spinodal temperatures for PSD/PVME and fit pa- 
rameters for the temperature dependence of ,ylvo(,ylvo=A + BIT). 

C$PPSD Ts(“C) Aa Bb 

0.019 3.5 345 4.42X 1O-4 -0.185 
0.037 8 1 217 4.76X 10-4 -0.197 
0.055 64 197 4.57X 10-4 -0.191 

‘mol/cm3. 
bK moVcm3. 

J. Chem. Phys., Vol. 101, No. 3, 1 August 1994 

Downloaded 01 Mar 2011 to 129.6.123.112. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions



2598 

2.5x1o-3 -f 

Briber, Bauer, and Hammouda: Neutron scattering from polymer blends 

I 

1 
A2s= -2(N,)wv,~, ’ 

for AZ. x/v0 and A, mirror each other as function of tem- 
perature and a critical value of A, for phase separation can 
be defined as 

0.54, , , , , , ,I 
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FIG. 6. q&II(O) vs &so for different temperatures for the PSD/PVhCE 
blends. 

ues obtained here compare favorably with other studies.““5 
The temperatures where x/v0 and A, equal zero are also 
indicated in Fig. 5 which correspond to the temperatures 
where the solution behaves athermally and ideally, respec- 
tively. The temperatures 145 and 147 “C, respectively, are 
quite close together which is reasonable for a polymer blend. 
For a low molecular solution they are generally expected to 
be further apart. 

The &Z(O) data obtained from the fit of Eq. (9) is plot- 
ted as a function of concentration for different temperatures 
in Fig. 6. From the slope of this plot a value of the second 
virial coefficient was obtained using Eq. (7). The values of 
A, are given in Table IV. The value of A, could also be 
calculated from the value of x/v0 obtained from the fit of Eq. 
(9) for each composition and temperature using Eq. (3), but 
because there was no significant composition dependence of 
x/v0 for PSD/PVME in the concentration range studied in 
this work (Fig. 4) the value of A2 obtained by averaging over 
all the compositions at a given temperature from the slope of 
the lines in Fig. 6 is more meaningful. The temperature de- 
pendence of A, is plotted in Fig. 5 using the right-hand axis 

TABLE IV. Second virial coefficient as a function of temperature for PSD/ 
PVME blends. 

Temperature A; 

80 “C 8.91 x IO-” 
100 “C 5.45x 10-s 
120 “C 3.19x 10-5 
140 “C 8.10X lo+ 
160°C -1.44x1o-5 

%nol/cm’. 

(15) 
which is plotted as a horizontal line in Fig. 5 (&sr,=0.056). 
The intersection of the extrapolated fit of A, to the value of 
A,, gives a temperature of phase separation of 196 “C which 
is in agreement with the value of T, obtained from x/v0 . The 
temperature at which A,=O, the theta temperature, for the 
PSD/PVME blend occurs at 147 “C. This is at only a slightly 
higher temperature than when x/v,,= 0 (T= 145 “C). In 
polymer blends the theta point (A2 = 0) and the point where 
the blend behaves athermally are expected to be closer to- 
gether than in a low molecular weight solution due to the low 
entropy of mixing. Other researchers have observed a depen- 
dence of A2 on the molecular weight of the matrix chain, 
where both chains are the same species except for labeling 
(i.e., PSD in PSH) (Ref. 42,43) and analyzed the data in 
terms of the classical equation for the swelling of a chain in 
a good solvent.34 It would be interesting to extend the single 
chain swelling analysis to the system studied here, where the 
matrix is a “good” polymeric solvent for the dilute species. 

CONCLUSIONS 

Deuterated polystyrene has been examined by SANS in 
two different matrices [protonated polystyrene and poly(vi- 
nylmethylether) in the limit of dilute concentration]. The 
single chain scattering curves obtained by extrapolation to 
zero concentration have been fit using a modified Debye 
function (accounting for polydispersity) and the value of the 
radius of gyration, R,,,,, examined as a function of tem- 
perature. A small difference in the average value of RgPSD for 
PSD in PSH vs PSD in PVME is observed with PSD/PVME 
being about 7% larger. A trend in the data suggests an in- 
crease in R,,,, with increasing temperature for PSD/PSH 
while RgPSD decreases with temperature in PSD/PVME, al- 
though this temperature dependence is within the error bars 
for the data. The data for PSD/PVME has also been analyzed 
to extract values of x/v0 (and equivalently A2) as a function 
of temperature. The values of x/v0 obtained in the dilute 
limit are in reasonable agreement with those previously pub- 
lished at high concentration. The concentration dependence 
of x/v0 is close to linear over the concentration range stud- 
ied and shows no strong change in slope down to +=O.O2, 
the lowest concentration studied in this work. This is differ- 
ent than predictions made by theories where a strong tem- 
perature dependence of the “effective” interaction parameter 
(as measured in this work) is predicted due to compressibil- 
ity effects. The temperature dependence of x/v0 and A, in- 
dicate that phase separation will occur in the range of 200 “C 
for PSD/PVME which is consistent with the phase diagram 
measured by other researchers. 

ACKNOWLEDGMENTS 

Discussions with Professor K. Freed are gratefully ac- 
knowledged. B.H. acknowledges NSF support through Grant 

J. Chem. Phys., Vol. 101, No. 3, 1 August 1994 

Downloaded 01 Mar 2011 to 129.6.123.112. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions



Briber, Bauer, and Hammouda: Neutron scattering from polymer blends 2599 

No. DMR-9122444. R.M.B. acknowledges support from 
NET and the Petroleum Research Fund of the American 
Chemical Society. 

’ J. S. Higgins, Treatise in Materials Science and Technology (Academic, 
New York, 1979), Vol. 15. 

2R. G. Kirste, W. A. Kruse, and K. Ibel, Polym. 16, 120 (1975). 
‘D. G. H. Ballard, M. G. Rayner, and J. Schelten, Polymer. 17,640 (1976). 
‘T. P. Russell and R. S. Stein. J. Mactomol. Sci. Chem. B 17, 617 (1980). 
‘6. D. ‘Xgnall, H. R. Child, ‘and F. Li-Aravena, Polymer 21, 131 (1980). 
6G. Hadziioannou and R. S. Stein, Macromolecules 17, 567 (1984). 
‘F. S. Bates, G. D. Wignall, and W. C. Koehler, Phys. Rev. Lett. 55, 2425 

(1985). 
‘S. Sakurai, H. Hasegawa, T. Hashimoto, and C. C. Han, Polym. Commun. 

31.99 (1990). 
‘S. Sakurai, H. Hasegawa, T. Hashimoto, G. I. Harris, S. L. Aggarwal, and 

C. C. Han, Macromolecules 23, 451 (1990). 
‘OF. S. Bates, S. B. Dierker, and G. D. Wignall, Macromolecules 19, 1938 

(1986). 
“C. C. Han, B. J. Batter, J. C. Clark, Y. Muroga, Y. Matsushita, M. Okada, 

Q. Tran-Cong. T. Chang, and I. Sanchez, Polymer 29, 2002 (1988). 
“A. Maconnachie, R. P. Kambour, D. M. White, S. Rostami, and D. J. 

Walsh. Macromolecules 17, 2645 (1984). 
“F. S. Bates, G. D. Wignall, and W. C. Koehler, Phys. Rev. Lett. 55, 2425 

(1985). 
“H. Yang, R. S. Stein, C. C. Han, B. J. Bauer, and E. J. Kramer, Polym. 

Commun. 27, 132 (1986). 
‘sM Shibayama H. Yang, R. S. Stein, C. C. Han, Macromolecules 18.2179 

(lb85). ’ 
‘sD Schwahn. K. Mortensen, T. Springer, H. Yee-Madeira, and R. Thomas, 

J.‘Chem. Phys. 87, 6078 (1987). 
“B. H. Zimm, J. Chem. Phys. 16, 1093 (1948). 
‘*P. G. de Gennes, Scaling Concepts in Polymer Physics (Cornell Univer- 

sity, New York, 1979). 
19A. Maconnachie and R. W. Richards, Polym. 19, 739 (1978). 

“G. V. Z. Schutlz, Phys. Chem. Abt. B 43, 25 (1939). 
*‘B. H. J. Zimm, Chem. Phys. 16, 1099 (1948). 
‘*K. Mori, H. Tanaka, H. Hasegawa, and T. Hashimoto, Polym. 30, 1389 

(1989). 
23P. Debye, Appl. Phys. 15, 338 (1944). 
“B. J. Bauer, B. Hanley, and Y. Muroga, Polym. Commun. 30, 19 (1989). 
“Certain equipment is identified in this paper in order to adequately specify 

the experimental details. Such identification does not imply recommenda- 
tion by the National Institute of Standards and Technology nor does it 
imply the materials are necessarily the best available for the purpose. 

26H J Prask, J. M. Rowe, J. J. Rush, and I. G. Schroder, J. Res. Natl. Inst. . . 
Stand. Technol. 98, 1 (1993). 

“J. W. Mays and L. J. Fetters (preprint of review article). 
*‘T G. Fox, Jr. and P. J. Flory, J. Am. Chem. Sot. 73, 1909 (1951). 
*‘J.’ W. Mays, N. Hadjichristidis, and L. J. Fetters, Macromolecules 19, 1703 

(1985). 
30K. Dusek, Collect. Czech. Chem. Commun. 32, 2264 (1967). 
31T. A. Orofino and A. Cefeni, J. Chem. Phys. 68, 2512 (1964). 
32G. D. Wignall, D. G. H. Ballard, and J. Schelten, Eur. Polym. J. 10, 861 

(1974). 
33A. Sariban and K. Binder, Makromol. Chem. 189, 2357 (1988). 
341? J. Flory, Principles of Polymer Chemistry (Cornell University, Ithaca, 

1953). 
35Z.-G. Wang (private communication). 
36J. Dudowicz et al., Macromolecules 24, 5076, 5096, 5112 (1991). 
37J. Dudowicz and K. Freed, J. Chem. Phys. 96, 1644.9147 (1992). 
38J. Dudowicz and K. Freed (private communication). 
39B. Hammouda, J. Noncryst. Solids (to be published). 
4oI. Sanchez and R. H. Lacombe, J. Chem. Phys. 80, 2352 (1976). 
4’R. H. Lacombe and I. Sanchez, J. Chem. Phys. 80, 2568 (1976). 
“C. Tangari, R. Ullman, J. S. King, and G. D. Wignall, Macromolecules 23, 

5266 (1990). 
“R. G. Kirste and B. R. Lehnen, Makromol. Chem. 177, 1137 (1976). 
“A. T. Boothroyd, A. R. Rennie, and G. D. Wignall, J. Chem. Phys. 99, 

9135 (1993). 

J. Chem. Phys., Vol. 101, No. 3, 1 August 1994 

Downloaded 01 Mar 2011 to 129.6.123.112. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions


